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Saving the Serengeti-Masai Mara
CHERYL LYN DYBAS
Can ecohydrology rescue a key East African ecosystem?
O n a map of the African continent, a tiny depression-a mere dotin the landscape appears within the outlines of northern Kenya. On the ground, this sunken watery enclave is hidden from view, surrounded by reeds and forest. Within these 13 acres, called Enapuiyapui Swamp, lies the future of the Serengeti-Masai Mara ecosystem.
Two rivulets emanate from Enapuiyapui, gathering strength as they flow across the land. The streams become the Nyangores and the Amala Rivers, eventually forming the 395-kilometerlong Mara. The Mara is an important waterway connecting Kenya's famed Masai Mara with Tanzania's Serengeti, fusing them into one ecosystem. The Mara River basin is shared by Kenya (65 percent) and Tanzania (35 percent).
At its end in Tanzania, the river is enfolded by Enapuiyapui's counterpart, the Mara Swamp. Along the way, the Mara brings critical drinking water to wildlife, livestock, and people, first in the Mau Forest, then to rangelands, through the Masai Mara National Reserve and Serengeti National Park protected areas, and finally to Lake Victoria, its waters lapping the shores of Kenya, Tanzania, and Uganda. But now, Enapuiyapui-and everything downstream-is in trouble: A drying Mara River wends along exposed ledges on its bottom and between crumbling escarpments on its sides. through the dense canopy into the soil and ultimately into the seeps and springs that form the Nyangores and Amala Rivers. The trees are being harvested for timber, however, baring Enapuiyapui to the intense equatorial sun. A changing climate and less dependable rainfall have further depleted the swamp's waters.
"Enapuiyapui is a microcatchment, collecting water mostly during heavy rains," said John Nyangena of the World Wildlife Fund (WWF)'s East Africa Office. "Were Enapuiyapui to die, so would the Mara."
The Serengeti-Masai Mara would be left between a rock and hard place. Enapuiyapui is surrounded by the Kiptunga portion of the Mau Forest. Without Enapuiyapui and Kiptunga, the Mara River would be a hardened riverbed. "In some seasons, it already is," said Brian Heath, director of the Mara Conservancy. The conservancy, which manages the Mara Triangle area of the Masai Mara, is a public-private partnership between land managers and the local Maasai community.
The Serengeti-Mara ecosystem as a whole is drained by three main rivers: the Mara, the Grumeti, and the Mbalageti, all of which flow westward to Lake Victoria. The Mara River funnels rainwater from a 10,300-square-kilometer (km 2 ) watershed in Kenya; the Grumeti drains 11,600 km 2 of hilly and wooded savanna in the central and Between a rock and a hard place The problems begin in a dense indigenous woodland, the Mau Forest, which surrounds Enapuiyapui. The Mau is the largest montane forest in East Africa. With Kenya's highest levels of rainfall, the Mau is also the country's largest water catchment. Rainwater percolates BioScience 61: 850-855. © 2011 Dybas. ISSN 0006-3568, electronic ISSN 1525 -3244. All rights reserved. doi:10.1525 /bio.2011 A thin ribbon of green lines the Mara River in Kenya. The river sustains the Serengeti-Masai Mara ecosystem, bringing life to riparian vegetation, wildlife species from lions to wildebeest to hippos, and people who use-and overuse-it for the irrigation of their crops. Photograph: Ryan Harvey.
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tist who worked at Tanzania National Parks. "The Mara River is vital to this system, especially during droughts," he said. "Simply put, no Mara River, no Serengeti-Mara." Severe droughts occurred there between 1949 and 1952 and between 1972 and 1973 . "In another such drought," Gereta said, "the Mara River would disappear completely." The Mara's flow rates during prolonged dry spells, which occur every six or seven years, have decreased by more than 65 percent since 1972.
Gereta and other scientists conducted one of the first large-scale ecohydrologic studies of the Serengeti-Mara system. The results were published in 2009 in the journal Ecohydrology and Hydrobiology (doi:10.2478/v10104-009-0035-7). The researchers modeled populations of herbivores and carnivores through the year 2060 for two Mara River water-use scenarios: perennial river flow maintained versus continued deforestation of the Mau and overuse of the river for irrigation.
A Mara River run dry would lead to die-offs of the Serengeti-Masai Mara's herbivore populations. Wildebeest, zebras, elephants, gazelles, would all perish from a lack of water. "It'd be similar to building fences that prevent animals from reaching water," said Gereta. Lions, leopards, and cheetahs, which hunt the herbivores to survive, would in turn fall, becoming part of a vast boneyard.
Far-reaching remediation measures, Gereta said-extending the western edge of the Serengeti National Park five kilometers so that it reaches Lake Victoria's waters, for example-would be urgently needed.
"The entire system is in danger of collapse," believes Gereta, "unless reforestation is done on a large scale in the Mau Forest and strict regulations for the extraction of water from the river for irrigation downstream are put in place."
More than 62 percent of households in the Mara River watershed are now smallholder farms; agricultural land use has increased by 200 percent over the past three decades. Much of the northern Serengeti; and the Mbalageti is a sluice for 2680 km 2 of southern Serengeti treeless grassland.
Only the Mara is perennial; it provides drinking water to wildlife even during droughts, said John Fryxell, a biologist at Canada's University of Guelph who has long studied wildebeest in the Serengeti. Tributaries such as Kenya's Sand and Talek often run dry in months other than March, April, and May, which is the season of the "long rains," and November and December, when the "short rains" fall.
Or fell. "The rains are more and more unpredictable, starting late, ending early, or never arriving at all," said Heath. Droughts are more frequent than in the past; eastern Kenya and the Horn of Africa are now in the worst drought in six decades.
To the rescue? The science of ecohydrology Can science come to the aid of the Mara and to that of Africa's-and the world's-other parched rivers? Is a relatively new field-ecohydrologyan oasis in a dry wilderness?
Ecohydrology looks at the interrelationships among hydrology, aquatic ecosystems, and human systems at the watershed scale. The concept grew out of the recognition that technical solutions alone are not enough for sustainable use of the world's water resources. The discipline has led to a new view of rivers-one that places hydrology and ecology on equal footing. It has also fostered ecohydrology graduate and undergraduate degree programs in the United States and other countries.
"In the past, we've had fragmented approaches to water resources management, based largely on dams or sewage treatment plants," said ecohydrologist Cliff Dahm of the University of New Mexico. "Sometimes they worked; more often, however, they caused severe problems." A holistic approach, he said, was needed.
The reasons for developing an ecohydrologic perspective are compelling, wrote Dahm, Brent Newman of the Los Alamos National Laboratory, and other scientists in the 2006 article "Ecohydrology of water-limited environments: A scientific vision" in the journal Water Resources Research (doi:10.1029/2005WR004141). "The extent to which scientists are able to forecast environmental change, and its effects on natural resources and socioeconomic systems, will determine how well societies adapt and function" in the future, they wrote.
Ecohydrology's fundamental concept is that the availability of freshwater is intricately linked with ecosystem processes. That is especially true in arid, semiarid, or subhumid placescollectively called drylands-like much of Africa, where rivers are lifelines.
"Water-limited environments occupy about half the Earth's land surface and contain some of the fastest-growing population centers," the article continued. "Scarcity or variable distributions of water make these environments highly sensitive to change."
The Serengeti-Mara is one of the world's best examples of an ecosystem in critical need of ecohydrology research, said Emmanuel Gereta, a retired scien- The Mara, the Serengeti, Lake Victoria-"they're paying the price for our actions," said James Robertson, chief executive officer of Ker and Downey in Kenya, the world's oldest safari company. "And ultimately, we're paying the price for our actions." As founder and a board member of the Mara Conservancy, Robertson has spent months at a time in the SerengetiMasai Mara. He's a keen observer of the river.
"In one way or another, we're draining the river dry," he said. "By the time it reaches the Masai Mara and the Serengeti, let alone Lake Victoria, it has run a gauntlet, surviving attacks all along the way."
Running a gauntlet
Are the wounds mortal? Loss of the benefits of just one section of the river-the Mara Swamp near Lake Victoria-would be staggering, said ecologist Tony Sinclair of the University of British Columbia. Sinclair is known as "Mr. Serengeti" for his four decades of research in the Serengeti-Mara. The swamp is a source of food-primarily fish-for the residents of villages around its perimeter and of water, Feature worst drought in 60 years and follows close on the heels of the previous severe drought of 2009. "The environment has been so badly degraded by decades of overexploitation that it, and the people who rely on it, never get a chance to recover," said Heath.
"Without water, there's no plant growth and therefore [no] places for cattle to graze," he said, "so a massive influx of herders and cattle had moved south and entered the Masai Mara."
Heath expects that floods will follow this year or next. "They will come with their own catastrophes: Livestock that manage to survive a drought are often stricken down by the onset of the rains and diseases [such as] Rift Valley fever and malaria that come after. We can expect huge losses."
What lies ahead for the people of the Serengeti-Masai Mara? "They will have to rely on famine relief for many months to come," Heath believes.
The perils of the drought also affect wildebeest on their age-old crossing of the Mara River. In July, the river became a mass wildebeest grave. Some 4900 wildebeest perished, their bodies forming a bridge of death across the Mara. No one knows for sure whether the cause was water levels or another factor.
Dutton and Subalusky happened upon the bodies soon after the incident. They immediately placed watermonitoring instruments above and below the main "burial ground."
The researchers expected to see a decrease in dissolved oxygen below the site. For unknown reasons, that did not happen. What they did find was a sharp increase in nutrients, especially ammonia. The ammonia in turn stimulated primary production. Chlorophyll levels skyrocketed downstream from where the wildebeest fell.
Subalusky and Dutton are also tracking water levels and dissolved oxygen in tributary rivers such as the Talek. Dissolved oxygen dropped to 20-40 percent, they found, when the water flows declined. What effect, they wonder, does that have on the health of the Mara River? their name derived from an ancient Greek word meaning "river horse," wallow in oxbows, backwaters, and bends, preferring them to the mainstream. Smaller herds, it turns out, are better news for a river; scattered up and down a channel, they indicate higher water levels. Large herds, however, do not bode well. Low water leads to overcrowded hippo pools, with too many animals squeezing into too-tight spaces.
The hippos themselves may not be helping the situation. As they go to and from the water to feed on grasses, they may contribute to the river's degradation. Their access routes up and down riverbanks form natural channels for rainwater runoff. The paths quickly erode and undercut the banks; eventually, they become so steep that even the hippos can no longer use them. Undaunted, the hippos plow another trail right alongside the first, which is discarded when it, too, washes away and becomes impassable. Huge chunks of soil often break free from these abandoned tracks and fall into the river. At that point, the river is more sandbar than waterway. "A perfect picture of the Mara," said Heath, "especially this year."
Extreme drought settles over Kenya Drought has settled like a miasma over the Horn of Africa, affecting most of eastern Kenya and reaching into the Masai Mara National Reserve. It's the farming and grazing land, construction material, and medicinal plants. "Without the Mara River and its swamps, the consequences to Lake Victoria would be unimaginable," said Sinclair. "This large but very shallow lake could become another Aral Sea" in Central Asia: slowly, inexorably draining away.
In 2007, WWF-East Africa commissioned a study of the Mara Swamp. The lead scientist, biologist P. K. T. Munishi of the Sokoine University of Agriculture in Morogoro, Tanzania, estimated that "the total value of [the swamp's] biodiversity and ecosystem services is 28 billion Tanzanian shillings, or US$22 million per year."
The far-reaching influence of the swamp on Lake Victoria, "let alone the entire Mara River Basin," wrote Munishi, "would put its worth even higher. The value of domestic water supplies in just one area, for example, is thought to be closer to 37 to 46 billion Tanzanian shillings." Without the swamp, said Munishi, "the region would be virtually uninhabitable."
North of the Mara Swamp and across the border in Kenya, ecohydrologists Christopher Dutton and Amanda Subalusky of Yale University have witnessed a Mara River that is quickly disappearing. From May through August each year, Dutton and Subalusky journey to the Mara's banks to measure river levels and collect water samples. This year, the Mara reached what may be its all-time low. Heath and other Mara Conservancy staff members took photos of the river in March at the New Mara Bridge near the Kenya-Tanzania border. They compared them with images snapped by Dutton and Subalusky in February 2009 at the same spot. "By seeing both sets of pictures," said Subalusky, "we can deduce that the river is even lower than it was in the drought of 2009. The Mara has gone below a sustainable level."
The best indicator of the Mara's health may be what look like rocks in the water but are not. When the river is flowing well, every stretch between its rapids hosts herds of hippos. Hippos, Aquatic ecologists, geomorphologists, and hydrologists contributed to the reports. In Assessing Reserve Flows, the scientists conducted an environmental flow assessment (EFA). EFAs are becoming the gold standard for determining how much water must be in a river (the reserve) to protect
Saving the Serengeti-Masai Mara
The answer lies in further research. Hippos, for example, may play an important role in the Mara River's water quality. Subalusky and Dutton have discovered that "the river above hippo pools is very different [from the water] in the spots where hippos are now or recently have been," Subalusky said.
To learn more about the relationship between hippos and the river, the biologists have placed water meters upstream and downstream of large hippo congregations. They visit the instruments every four hours around the clock to collect samples for nutrient analysis. "It makes for some interesting evenings," said Subalusky. "As one armed Maasai ranger said to us, 'this is very scary work.'" What is the most dangerous species in the Serengeti-Mara? A hippo. Hippos are vegetarians, but they kill more people than any other animal in the region. Male hippos actively defend their territories, which run atop riverbanks. Hippos leave the water at dusk and travel inland a short distance to feed, then return just before dawn. Most hippo-related human fatalities happen when someone stands along a river's edge in a male hippo's turf. The hippo then charges, at speeds of up to 20 miles an hour.
Enter Jackson Looseyia, a Maasai who owns a tented camp called Rekero on the banks of the Talek River. Looseyia joined forces with Dutton and Subalusky, offering the scientists a 24-hours-a-day water-sampling site that is "safe for river access even in the middle of the night," said Subalusky. Rekero Tented Camp is not far, as the hippo waddles, from the confluence of the Talek and the Mara. Feature riparian ecosystems and the services they provide. The Mara River EFA showed that in drought years, there is not enough reserve. To save the river, the researchers found, three critical habitats urgently need protection: the Mau Forest and forests along the riverbanks, the Serengeti-Masai Mara ecosystem, and the aquatic ecosystem of the river itself. The solutions harken back to Gereta's earlier findings. "For the reserve to be restored, water extracted for agricultural irrigation must be reduced, and land rehabilitation in the upper catchment is needed," concludes Assessing Reserve Flows. "Alteration of the river's flow poses a fundamental threat to biodiversity and to human livelihoods in this semiarid region."
The research points the way to cooperatively managed rivers. Although Kenya and Tanzania have national water management laws and agencies, a jointly developed international plan for the preservation of the Mara and other rivers is critical, said Tom Okurut, former Executive Secretary of the Lake Victoria Basin Commission.
"The key recommendation," Okurut said, "is that the citizens of Kenya and Tanzania-and of nations beyondneed to see themselves as river custodians on local, regional, national, and international scales. Only then will rivers like the Mara not only survive but thrive." Otherwise, they may look like the Great Ruaha River in Tanzania. The Great Ruaha's upper catchment is heavily developed for agriculture, and in the middle of the watershed, the river winds through Ruaha National Park. The Great Ruaha has ceased flowing during the dry season. The withdrawal of water for agriculture is the likely culprit.
"It should be a loud and clear warning for the Mara River," said Subalusky. "Let's not wait to take action until the river is only a trickle." Or until the Serengeti-Mara as we know it disappears.
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